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CELLULAH Al\l"D VASCULAR HEACTIONS 
TO FOREIGN PARTICLES 
INTRODUC'.riON 
Animal tissues are constantly exposed to foreign 
particles, some harmless, which enter the body through the 
mucous membranes or at the site of an injury. Among these 
particles are bacteria, carbon, and dust-borne matter, all 
substances which cannot be used in metabolism. Moreover an 
accumulation of any of these substances, with no definite 
mechanism for their removal, would in a ru1ort time cause 
difficulty in the general functioning of the tissues. The 
reactions which follow the stimulation of the tissues by these 
particles are expressions of the animal's activity as a living 
organism and are concerned with maintaining the best con-
ditions for life in a given environment. 
Experimental tests have been made vvi th many substances, 
such as dyes, oils, carbon in the form of colloidal graphite 
and India ink, and bacteria., both living and dead, to de-
termine the processes which are concerned in disposing of these 
particles by the tissues. The chief response to s .timulation 
by any one of these is phagocytosis by a variety of different 
cells: leucocytes, lymphocytes ~~d large monocytes of the 
blood stream, macrophages or "wandering cells" of the con-
nective tissue, fixed phagocytic cells of the liver and spleen, 
some endothelial cells, and some epithelial cells. 
Accompanying the action of the phagocytes are other 
. -
factors of equal importance. The immune substances in the 
blood enhance phagocytosis by sensitizing the bacteria and 
thus increasing their susceptibility to ingestion. Stimula-
tion of the bone marrow increases the production of leucocytes. 
Substances at the site of irritation stimulate a number of 
local reactions: phagocytes are mobilized, the blood supply 
is increased by the opening up of a greater number of 
functional capillaries, and the walls of the capillaries 
become more permeable. 
This thesis is concerned with certain phases of these 
responses to stimulation by foreign particles, namely, local 
phagocytic action and the accompanying local vascular changes. 
REVIEW OF 'l1HE LITJ£RATURE 
A. Cellular Reactions to Foreign Substances. 
1. Phagocytosis! Phagocytosis is defined as the 
ingestion of a particle by a living cell. The particle may 
be living, such as bacteria or another cell; or it may be 
non-living, such as carbon, dye, or any particle which is 
not naturally a part of the environment. Uertain cells play 
an active role in the disposal of this material. Metchnikoff 
( 1892) classified these cells into two groups; the "macro-
phages" or wandering cells which are widely distributed and 
have great phagocytic properties, and the 11microphages 11 or 
polymorphonuclear leucocytes, amoeboid cells which circulate 
in the blood stream. Included in the macrophages are the 
large cells of the splenic pulp and lymph nodes, the Kupffer 
cells of the liver, and some endothelial cells. Found also 
in this category are the large mononuclear cells of the blood. 
Previous 'to this classification, Ranvier (1891) had 
observed the phagocytic properties of free cells in connective 
tissue of the omentum. He believed these large branching 
cells had two functions: first , engulfing foreign particles, 
and second, carrying nutritive material which is deposited in 
the tissues by breaking off small particles of the protoplasm. 
He named them "clasmatocytes". 
In the study of tissues, the activity of the phagocytic 
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cell was found to be increased whenever inflammation was 
present. r~1aximow ( 1902) showed that mononuclear amoeboid 
cells, "polyblasts", were always present in inflamed tissue. 
He thought that these cells were derived from leucocytes 
which had emigrated from the blood stream and from the 
wandering cells which were active at the site of irritation .. 
With the development of vital dyes, the foundations 
were laid for studying the protective role of cells against 
foreign substances. ~unction of the cell rather than cell 
morphology has been the chief interest in the research in 
this field. 
:Ehrlich ( 1891) was the first to develop vi tal dyes 
for the study of tissues. These dyes can be injected into 
the blood stre~~ of living animals with no perceptible toxic 
effect. The dye is ingested by certain cells, which store 
it unchanged within their cytoplasm where it is easily 
'detected on account of its color. Hibbert (1904) described 
specific staining, after the use of lithium carmine, in the 
following cells: reticular cells of the spleen, bone marrow, 
and lymph nodes; Kupffer cells of the liver; reticular cells 
of the thymus and certain connective tissues. Vascular 
endothelium and muscle fibers rejected the dye. ~~idence of 
excretion of the dye was shown by staining of the epithelial 
cells of the liver and kidneys. Ribbert further demonstrated 
that the same cells which \Vere vi tally stained vwuld absorb 
4 
other substances such as iron and lipoids which were injected 
into the circulation. 
GolQ~an (1909), using Ehrlich's technique, reported 
that throughout the connective tissue vital dyes were segre-
gated in large phagocytic cella. 1~ese cella were identical 
with the claamatocytes of Ranvier, the macrophages of 
Metchnikoff, and the polyblasts of Ma:x.imow. 
Aschoff and his pupil Kiyono (1913) made exhaustive 
studies of vital staining on normal and pathological tissues. 
They implied that the definite phagocytes of the blood and 
tissues (other than the 11microphages 11 of Metchnikoff) could 
be derived from connective tissue, reticulum, specialized 
endothelial cells, or from all, depending upon the location, 
circumstances, and definj. tion. To this group of cells they 
gave the name "reticulo-endothelial" system. Kiyono intro-
duced the word "histiocytes" to designate the mesenchymal, 
mononuclear phagocytes of the connective tissue. He described 
in detail the reactions of all these cells to vital staining, 
both in health and in disease. 
1~rough the years there has been an accumulation of 
details, functional and uorphological, bearing upon the 
origins and relationships which the phagocytic cells of the 
blood and tissues bear to each oti1er and to the non-phagocytic 
elements. 
Following the classification of Metchnikoff, the 
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reactions of the "microphages", or leucocytes of the blood; 
and the "macrophages 11 , large monocytes of the blood, and 
other cells of the "reticulo-endothelial" system of Aschoff 
and Kiyono, will be considered separately and their reactions 
correlated. The term macrophage will include the entire 
second group except the wandering phagocytes of the connective 
tissue which are called histiocytea. 
a. Phago~tosia by leucocytes. When speaking of 
leucocytes in general the term includes all the colorless 
corpuscles of the blood. Morphologically speaking they may 
be divided into two groups: those with granules in their 
cytoplasm, which include all the polymorphonuclear cells and 
the non-granular cells, lymphocytes and large monocytes 
(Maximow and Bloom, 1938). The last two are classed as cells 
of the reticulo-endothelial system ( Doan, 1940). Metchnikoff 
based his classification on the phagocytic activity as well 
as on the structure.. He observed that by preference the 
microphages ingest bacteria, while. the macrophages phagocytize 
animal and tissue cells. Later investigators have found that 
this is not a rigid rule since the macrophages remove bacteria 
from the blood and tissues, and the polymorphonuclear leuco-
cytes aid in the removal of cellular debris (Mudd, Mccutcheon, 
and Luck~, 1934). Menkin (1940) attributed the action of the 
two types of phagocytic cella to a difference in the hydrogen 
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ion c oncentration of the tissues, the polymorphonuclear 
leuc ocytes predominating between a pH of 7.2 and 7.4, while 
the macrophages prefer a pH between 7.0 and 6.8. 
'f.he white cells circulating in the blood are spherical. 
When flowing in the axial stream of the arteries they are 
diff i cult to observe, since they are greatly outnumbered by 
the r ed corpuscles. They are more easily seen in the small 
vessel s where they roll along the wall, frequently adhering 
to i t . Krogh (1929) credited this tendency to their specific 
gravi ty which is intermediate between that of the plasma and 
that of the red blood cells. After the introduction of 
fore i gn particles, particularly those which cause inflam-
mation in the tissues, the leucocytes become sticky and 
adher e to the walls of the small veins, and in later stages 
to t h e art,e j:-ici:J.~ .. er:J.ds of ·th~ . capi-llar ies· The force of the 
stream or the impact of other corpuscles may loosen their 
hold and the leucocytes will roll on. Later they adher e 
more firmly and emigration may occur. 
Abramson (1927) studie d the behavior of a single 
leuc ocyte in the web of the frog's hind leg, following the 
irri t ation of the web wiU1 hydrochloric acid. He selected 
for observation a polymorphonuclear amoeboid cell suspended 
in the ru~ing blood stream by a single thread of protoplasm. 
The capillary had a diameter about four times that of the 
.cell .. Other white cells were adhering to the wall, but the 
? 
one he studied was tossed in the current held by the proto-
plasmic thread. This occurred previous to the emigration 
when the tip of the corpuscle penetrated the wall and the 
whole corpuscle passed through the endothelium. It then 
extended its pseudopodia out over the surrounding tissues. 
Gohnheim (186?) indicated the importance of the 
emigrating 1 eucocytes, and Metchnikoff ( 1892) emphasized 
the meaning of phagocytosis in freeing the tissue from 
foreign material. ~Vhile the mechanism of leucocyte migra-
tion has not been satisfactorily explained, there have been 
a number of theories experimentally tested. certain sub-
stances, probably the products of bacterial metabolism and 
faulty tissue metabolism, may chemically attract the migrat-
ing leucocytes from the blood vessel to the foreign particle. 
The presence of chemotactic substances has been recognized. 
These vary: products of leucocyte disintegration (Massart 
and Bordet, 1891) ; dead or living cultures of bacteria 
(Gabritchewsky, 1890); calcium ions, runino acids when used 
in tissue culture (Wolf, 1921); thermolabile substances of 
mechanically injured tissues (Grand and Chambers, 1937). 
Clark and his co-workers (1920, 1936) have made care-
ful studies on the emigration of leucocytes in living 
animals, amphibian larvae and rabbits. Croton oil was used 
as the irritant. Within one half hour after the injection of 
croton oil into the tail fin of Hyla larvae, the l eucocytes 
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stuck to the wall of the blood vessels in the area of 
irritation, diapedesis of the leucocytes started and con-
tinued as long as the croton oil remained in the fin. ~hese 
cells migrated through the endothelial walls and rapidly 
approached the drop of oil. .rwne was. :: observed reaching 
the globule. Instead they became stationary a short distance 
from it. They were distinguished by their spicule-like 
processes and resembled connective tissue cells. This 
behavior seemed to indicate that the formation of a barrier 
of stationary leucocytes with their long pseudopodia was an 
efficient method of localizing the injury. In the ., . 
rabbit, the response of the leucocytes was the same. In 
both cases leucocytes passed through the capillary walls; 
however, phagocytosis of the irritant by the leucocytes did 
not necessarily follow. 
Grant and Wood (1928) and Moon (1935) agreed that 
histamine does not induce the emigrati on of leucocytes. 
Menkin (193?, 1938, 1938b) experimentally produced the migra-
tion of these cells by using leukotaxine, a crystalline 
substance extracted from the fluids of inflam:ed ·, areas. 
In response to the introduction of leukotaxine the leucocytes 
migrated rapidly. In contrast, the response of the poly-
morphonuclear leucocytes to the application of turpentine, 
a strong irritant, was far less marked. He concluded that 
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leukotaxine stimulated the emigration of these cells from the 
blood stream to the locality of irritation. 
The polymorphonuclear leucocytes have great phagocytic 
powers. Actively runoeboid, they are able to move around 
foreisn particles,engulf them, and often digest them due to 
enzymes in the cell. They are the chief defense mechanism 
against bacteria with which they come in contact. The 
neutrophile is not effective against all bacteria; it cannot 
digest the tubercle bacillus, but is des troyed by it (Bunt i ng, 
1928). Stockard (1928) has assigned a special function to 
the leucocytes in destroying excess spermatozoa r ema i ning in 
t h e u terus; a.lthough the sperm cell with its tail is l onger 
than the leucocyte, it is engulfed by it. Downey (1918) 
reported the phagocytosis of trypan blue by these cells. 
Cappell (1929) stated that in mice, injected with India ink, 
the leucocytes of the blood stream are ink laden and adhere 
to the walls of the capillaries where they might be mi s taken 
for phagocytizing endothelial cella. He also injected the 
lungs with neutral red and found the dye in the granular 
leucocytes. Robertson (1941) found that leucocytes played 
a. significant role in the phagocytosis of carbon in the 
lungs of_ experimental animals, but that they did not ingest 
injected oil. 
Increase in the number of leucocytes, leucocytosis, is 
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due to a substance liberated by the tissues at the site of 
injury (Menldn, 1943). The leucocytosis promoting facto r , 
LPF, is absorbed into the circulating blood from which it 
has been recovered in measurable amounts. Chemically it i s 
a pseudo-globulin which is not found in normal serum. When 
injected into dogs, it produces~ a direct and specific effect 
on some of the cells of the bone marrow, causing them to 
liberate immature granulocytes into the blood stream and to 
augment the number of megakaryocytes. 
b.. Phagocytosis b..l_ cells of the reticulo-endothelial 
system. The cells of the reticulo-endothelial system comprise 
a large group of phagocytes, both wandering and fixed in 
character . The term macrophage has come to cover most of the 
cells in this group and may be subdivided to denote cells i n 
special localities with special functions. The large mono-
nuc lear s of the blood stream and the wander i ng cells of 
connec t ive tissue are closely related. 
Blood monocyte s and ~c_r_ophages. The large non-
granular leucocytes of the blood stream, the monocytes, are 
potentially phagocytic. These cells ari se in the intra-
vascular spaces from undifferentiated fixed reticulum and 
undergo a period of development to attain fun c tional maturity 
{Dean, 1940). Although these cells are classed with the 
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histiocytes as macrophages, one can be distinguished from the 
other by vi tal staining and functional :; .:.a.cti vi ty. The mono-
cytes stained with neutral red exhibit a rosette pattern of 
small preformed vacuoles. The acid di-azo dyes Vlill i dentify 
the histiocytes in the tissues, but rarely, if at all, stain 
the monocytes. The monocytes participate in cellular re-
actions to a variety of stimuli and when engorged with 
erythrocytes or general debris they cannot be distinguished 
morphologically from the histiocytes. 
Ebert and Flory (1939) made observations on monocytes, 
using a chamber inserted into a rabbit's ear. After the 
injection of carbon, the circulating monocytes, carbon filled, 
migrated into the organizing clot at the end of the injured 
tissue. From these observations it was not determined 
whe t her the blood monocyte was transformed outside the blood 
vesse l into a cell that could be distinguished from the 
histiocyte of the tissue. Nor was it certain that all the 
macrophages came from the blood, for possibly some present 
were due to the migration of the tissue histiocytes. 
Lewis (1925, 1925a) believed that monocytes change 
into histiocytes with increase in size and phagocytic activi~ 
This idea was confirmed by the work of Carrel and Ebling · 
(1926) when they demonstrated that in tissue culture this 
change t akes place. The writer personally observed these 
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changes in the laboratory of Carrel. The functional relation-
ship is evident, for the monocytes and histiocytes are phage- I 
cytically active for the same substances. 
Sabin and her co-workers (1924, 1925) traced the 
origin of these cells from different fixed tissue stems, 
the monocytes arising from reticular cells and the histio-
cytes from endothelium. They stated further that in cases 
of over feeding and degeneration the two cells cannot be 
distinguished one from the other. Findlayson and Latta (1940) 
injected rabbits with trypan blue and observed the lepto-
meninges. There was an outpouring of lymphocytes from the 
blood stream in thirty to forty-five minutes, the lymphocytes 
passing through the vascular endothelium. They concluded 
that the lymphocytes and oonocytes underwent rapid trans-
formation into cells with marked phagocytic powers. At the 
same time the fixed tissue histiocytes were mobilized into 
wandering cells. There was an increase in the cytoplasmic 
vacuolation and in cell volume as the cells became more 
phagocytic. 
In general the mo.nocytes are scavengers for bacteria 
and particulate matter such as carbon and worn out red blood 
cells. However no digestive enzymes have been discovered 
within the monocytes ( Cov;dry, 1934). 
The tissue rnacrophages or histiocytes are found in th-e 
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spleen and bone marrow, a.lso scattered through the diffuse 
connective tissue, but rarely seen circulating in the blood 
on account of their size and motility (Dean, 1940). These 
cells can divide and give rise to potentially phagocytic 
cells on demand. Their origin from endothelium or reticulum 
is a debated question. Functionally they phagocytize 
particles of debris, digest whole red blood cells, e,nd show 
reactions to neutral red. 
In contrast to this the monocytes of the blood have 
left their position as fixed cells of the reticulo-endo-
thelial system and have entered the blood stream. Few are 
found in normal blood but they increase in size and number 
under pathological conditions8 
Simpson (1922), by the injection of colloidal dyes, 
India ink, and certain protein substances intravenously, was 
able to produce showers of macrophages in the blood stream 
due to the sudden liberation of these cells from reticular 
tissue, especially from the liver and spleen. She believed 
that a close biological relationship exists between the 
macrophage and the normal monocytes of the blood, but not a 
proven identity. 
In inflammation, the monocytes migrate from the blood 
vessels into the tissue spaces. There they undergo a rapid 
hypertrophy and are transformed into large phagocytizing 
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cells. At first they can be distinguished from the histio-
cytes by their smaller size. However, as the monocytes con-
tinue to increase in size, they appear to be identical with 
the histiopytes (Maximow and .Bloom, 1942). 
Huggins and co-workers (1936, 1938) studied the distri-
bution of intravenously injected carbon and thorium dioxide 
in relation to macrophages throughout the body. They found 
the materials located in the bone marrow, spleen, and liver, 
but relatively little where macrophages are in smaller 
numbers than in bone marrow and spleen. Younger cells are 
possibly less active than the more mature forms. Moist 
carbon particles in the lung are quickly phagocytized by the 
alveolar macrophages. Examples of this have been reported 
by Cappell ( 1929), Lemon and Higgins ( 1932}, and Carl ton 
(1934). The process beg~ns promptly in fifteen to thirty 
minutes. The extent of the injury to the carbon filled macro-
phages is not certain as they are still capable of movement 
and continue to phagocytize the particles (Unger and Wilson, 
1935). 
Oils and fats are spectacularly phagocytized by the 
macrophages of the lungs {Robertson, 1941). When oils are 
introduced into the lower part of the respiratory tract they 
are engulfed by the macrophages present normally and by those 
which accumulate at the site of the foreign material. The 
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speed of the reaction is considered by most investigators to 
be slow. However the work of Chambers and Kopak (193?) on 
Arbacia eggs showed that oil droplets enter a cell with great 
rapidity. When pictures were taken at the rate of seventy-two 
frames per second, the oil was outside the egg in one frame 
and inside in the next frame, allowing l/140 second interval 
for the reaction to take place. Oil filled macrophages are 
present in the alveolar spaces for a long time. Work on 
phagocytosis of the oil in the lung has been done in con-
nection with cases of pneumonia caused by the introduction of 
oils, such as nose drops. No digestion of the oil by the 
macrophages has been observed. The cells are not injured by 
the oil, although it may fill so much of the cytoplasm that 
the nucleus is crowded to one side. 
Fixed tissue macrophages. The fixed tissue macrophages 
include the Kupffer cells of the liver and the cells in the 
reticular tissues of the spleen and lymph nodes. 
Macrophages of the liver. The Kupffer cells occur at 
regular intervals along the endothelium of the hepatic 
capillaries and form an integral part of the capillary wall 
(Kupffer, 1876, 1899). They are star shaped. Their origin, 
like other cells of the reticulo-endothelial system, is from 
mesenchyme. Functionally they are phagocytic. It has long 
16 
been known that the liver will take up microscopic particles 
of any kind, including living and dead bacteria (Rosenth al, 
1921; Oerakov, 1925). This function is carried on by the 
Kupffer cells, which normally have a meshwork of pseudopodia 
extending into the lumen of the capillary awaiting any foreign 
substance (Pfukl, 1926). These pseudopodia are sticky and 
when India ink is injected into the circulation they become 
coated. Later the particles are taken up by the pseudopodia 
which are retracted and drawn into the capill~y wall. Rous 
and Beard (1934a) stated that in vitro these cells were 
spherical or ovoid with ragged protoplasmic processes. Their 
most striking characteristic was their stickiness, which was 
greater than that of any other cell. \'lhatever touches one of 
these cells adheres to its surface. The slowness of the blood 
strea~ in the liver and the relatively low blood pressure 
there facilitate the removal of foreign particles from the 
slowly passing blood by the Kupffer cells (Maximow, 1931). 
\Vhen India ink was slowly injected into the portal vein of the 
frog, only a small portion passed through the liver into the 
general circulation, the greater mass of particles being held 
back by the Kupffer cells. 
Macrophages of the Spleen. Cells analagous to the 
Kupffer cells are found in the veins of the splenic pulp. How-
ever they do not attach themselves so permanently to the inner 
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walls of the veins but wander out into the spaces of the 
splenic pulp or into the peripheral blood stream itself 
(Sabin and Doan, 1926). Under normal physiological conditione 
the function of these macrophages is the destruction of worn 
out red blood cells; therefore, they are highly phagocytic 
(Maximow, 1934)a The experimental use of insoluble particles 
and bacteria demonstrates the phagocytic properties of these 
cells in the reticulum of the spleen and shows how they deal 
with substances met in normal physiological conditions or in 
reaction to disease. 
Goldman's first experiments (1909) with injected trypan 
blue showed the accumulation of the dye in the large macro-
phages of the spleen. Carmine powder, India ink, or bacteria 
injected into the blood strean1 were engulfed in large quanti-
ties by cells there as well as by the Kupffer cells of the 
liver (Maximow, 1934). 
Kyes (1916) injected virulent pneumococci into pigeons. 
In fixed tissues the organisms were seen in the phagocytic 
cells of the spleen and liver, fewer in the spleen than in ~1e 
liver. In each case the pneumococci had aggregated in the 
fixed phagocytic cells or hemophages, which normally destroy 
the \'VOrn out red blood cells. The action of the modified 
vascular walls aided in the filtration of the bacteria from 
the plasma into the spleen. Wright (192?) reported that 
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Watson's draw ing ink injec ted into normal rabbits was 
readily talcen up by fixed phagocyt es of the spleen. 
Macrophages of the l:zmi>h nodes. The lymph nodes, 
found at frequent intervals along the ly.tmph vessels, a.re 
small rounded masses. They are composed of a network of 
connective tissue in which lie two kinds of cells: Those 
which mature into the lymphocytes of the blood, and the 
fixed macrophagea of reticular tissue. The fixed macro-
phages function in the removal of particulate matter and 
bacteria from the lymph, preventing its entrance into the 
blood stream. The lymph nodes are most numerous where 
foreign substances are most likely to enter the body, as 
in the cervical region, respiratory tract, and mesentery. 
The lymph nodes of the lungs of miners are often pigmented 
with carbon particles. Robertson (1941) believed that the 
carbon-filled macrophages of the bronchi ru1d alveoli migrate 
to the lymph nodes and are trapped there. These macrophages 
can digest bacteria from the lymph. In cases of acute in-
. fection the nodes are often swollen along the vessels drain-
ing an infected area, the swelling being produced by the 
activity of the cells in the destruction of the infective 
agent. 
Fat cells. Doan (1940) placed another type of cell in 
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the reticulo-endothelial system, the fat cell. The lipoblastf 
are undifferentiated perivascular cells related to the 
reticulum and distinct .from the fibroblasts of the connective 
tissue. Opinions differ regarding ~~e type of connective 
tissue in which these cells originate. Wells (1940) believed 
that they are a specialized tissue and not merely ordinary 
connective tissue in which fat is stored. Considering both 
their origin and function they may be classed as part of the 
reticulo-endothelial system. 
Maximow (1927) doubted any relation of fat cells to 
the fibroblasts., since fat cells in the omentun after 
starvation were distinct from fibroblasts, and since they 
were observed developing from undifferentiated mesenchyme 
around the blood vessels. They are highly specialized cells 
with no power to multiply. 
Chun Chang (1940) in describing the pre-fat cells, 
suggested that they mey be homologous with macrophages due to 
the characteristics common to both, such as round, ovoid, or 
branched cells with granular cytoplasm and deeply stained 
eccentric nuclei. He postulated that fat cells may be 
differentiated macrophages. Furthermore, after altering 
experimentally the omentum and bone marrow in rabbits, he 
found that the young cells which stored fat were simply 
macrophages with a predominant fat content. 
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FUnctionally these cells have more activity than has 
been accredited to them. Even when they are distended with 
fat they can carry on other functions. The nuclear and cyto-
plasmic material is the same as before the fat was deposited. 
Moreover, these are outside the fat and are in contact with 
the supply of blood and lymph over a greater area than the 
fat-free cells. 
Using vital dyes, Goldman (1909) reported that adipose 
tissue was slightly stained. It is doubtful whether he 
distinguished between the actual fat cell and the macro-
phages which stain readily and resemble fat cells. Both 
Dagliot t i (1928) and Clara (1930) observed the granules of 
dye in fat cells, not only in the thicker area near the 
nucleus, which was quite visible, but also on parts of the 
less visible circumference. Bremer (1938) confirmed this 
observation and added that the particles were definitely with ir. 
the protoplasmic ring. In the use of vital dye only a few 
· Cells within any given area were stimulated to store dye. 
Williams and co-workers (1943) reported the storing of 
injected Chlorozol Fast Pi~~ in the protoplasmic ring of the 
fat cells of mice, particularly in the perirenal and peri-
aortic regions . 
According· to Dagliotti (1928) starved fat cells will 
take up large quantities of dye. After these same cells were 
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fed their ability to store fat was diminished or lost. In 
drastically 'starved rats injected with trypan blue, all the 
fat cells in the subcutaneous tissues took up the dye, while 
in normal control animals the macrophages were loaded but 
few fat cells exhibited any dye granules. He concluded that 
the presence of dye has blocked the fat absorbing function. 
'Whether this condition was due to blocking or to a selective 
property of the cell should be investigated. 
Goldner (1926) stated this hypothesis in reverse order; 
that the difference in the size of dye granules in individual 
cells was due not to a different phase of cell activity but 
to blocking by the enclosed fat. Unstained cells were com-
pletely blocked in this manner. 
Chun Chang (1940) found phagocytized hemosiderin, 
formed by the experimental destruction of erythrocytes, both 
in newly formed fat cells and in macrophages. He interpreted 
this finding to mean that the fat cells had just come through 
the phase of being macrophages, at which time the substance 
was phagocytized. The lack of foreign substances in mature 
fat cells he explained as due to tl1e viscosity of the cell, 
caused by the stretching of the cytoplasm which makes tb.e 
cell impermeable to other substances or to dye. In crowded 
fat cells there was no dye stored in the cytoplasm but macro-
phages lying among them had ingested great quanti ties of the 
material. 
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Doan {1940), in reviewing the work on the phagocytosis 
by fat cells, concluded that the lipoblasts were more or less 
differentiated cells of t h e connective tissue, whose ch ief 
function is to store fatty substances and release thel!l 
promptly for metabolism. On occasion these cells rHay tak e in 
other substances in small amounts, wh ile t he true macrophages 
participate only very sligh tly, i f at all, in the phagocytosis 
of fat in path olo gical conditions. 
Vascular e ndot ·1elium. Vascular endothelium has to some 
e xten t t h e properties of phag ocytic cel ls: .st ickines s a 1d 
amoeb oi d movement (Rosen thal, 1921; Sabin and Doan , 1926 ). 
Hopk i ns and Parker (1918) thought tll c.. t wi1en h ei·:lolytic 
streptococci were injected in the lung t h ey were p:na.gocytized 
b y endoti1eli a l cells of t h e pulmonary capillaries. Drinker 
an d Shaw ( 1921 ) reported. that mangane se ci. i oxitl.e parti c - es 
were ob serve d in capillary endoth elial cells . ot i lwell (1926) 
believed that the endo t h elium o f t h e v.ess.els of t h e frog's 
t on gue wa s a ble to store carbon temporarily but noticed no 
evidence of its transf ormation into free amoeboi d cel ls . 
Vi tal dyes and carbon w·ere identif ied in the cells of the 
capillaries of the lung s (Cappel, 1929; Carlton, 1927 , 1934). 
There is no evi dence of any morph olo g ical change in these 
cells such as swelling, split ting off from the capillary 
wall, or migrating into the alveoli, as is observed when 
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dust-cells are formed from the alveolar epithelium. Vlislocki 
(1924) claimed that the endothelial cells take no part in 
ridding the lung of small plugs of carbon which collect in 
the capillaries; monocytes gath er around the carbon and 
ingest it. 
I!."'bbeck (1923) believed that a large part of the 
capillary contractility is due to the amoeboid nature of the 
endothelial cells. Krogh (1929) discounted this idea, but 
admitted that t h ey possess the power of arJ.oeboid movement. 
This is demonstrated in sprouting of new capillaries, when 
single endothelial cells start outgrowths from capillaries 
or larger vessels. 
c. ?hagocxto.sis by: other cells. Epithelial cells and 
fibroblasts.. According to Mudd and his co-workers (1934), 
"Under certain conditions many different types of cells not 
ordinarily phagocytic may in the intact animal engulf various 
kinds of particulate matter." That epithelium has phagocytic 
properties has been reported by a number of investigators. 
R6ssle ( 1907) described the phagocytosis of erythrocytes by 
the epithelial cells of the human liver, pancreas, and kidney 
in hemochromatosis, a pathological condition characterized 
by a general deterioration of the blood in which the liver 
deposits a pigment of iron, hemosiderin. Hienecke (1909) 
reported that in mercurial necrosis of the epithelium of the 
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liver, dead cells and debris were r~moved by regenerating 
phagocy t ic epithelium. Nakata (1922) in an attempt to con-
firm t h e work of Hienecke, found the regenerating epithelium 
growing around the necrotic material, but noticed no evidence 
of the i ngestion of that material by the epithelium. lsh ikana 
(1927) introduced India ink into superficial wounds~ This was 
phagocytized by epidermal cells. Gr~ffe (1927), while study-
ing toadstool poisoning in experimental animals, observed 
that about one~third of all the epithelial cells of the liver 
were filled with erythrocytes, while the KuPffer cells, 
g enerally phagocytic, had not ingested any of the red blood 
cells. 
There are many diverg ent opinions in regard t o phago-
cy tos is by epithel ial cells, b o th ciliated and non-ciliated, 
as has been shown by reports of some of the more recent 
research on this subject. 
Carlton (1931), in his work on rabbits, sh owed by 
experimental evidence that the ep ithelium in the vag ina was 
definitely phagocytic. The epithelial cells in the vag ina of 
the rabbit are columnar , both ciliated and non-ciliated. In 
t h e .cervical region the cilia ted cells predominate, and in the 
middle segment more are non-cilia ted. These large non-ciliate , 
cells of the middle segment are polyg onal, with prominent 
nuclei at their bases. The c y toplasm is finely vacuolated. 
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~ ucus is visible on the free surface_ The free ends are 
irregular with blunt projections resembling pseudop odia 
extending outward. 
Carlton injected the following substances into the 
uterine horn and directly into the vagina: a colloidal sus-
pension of graphite, 5 per cent carmine (finely ground in 
normal saline), cocoa butter, ~n d living and dead bacteria. 
The colloidal graphite was actively phagocytized by the non-
ciliated columnar epithelium, some particles lying close to 
the free border ru1d some evenly dispersed, often near the 
nucleus. The carmine \•ras taken up more rapidly and in larger 
particles than the colloidal graphite. .Prequently cytoplasmic 
vacuoles surrounded the carmine granules. In each case some 
particles were ingested by the leucocytes but their response 
was not marked. No evidenceof phagocytosis by the ciliated 
vaginal epithelium was noted in any of the experiments. In-
j ected cocoa butter was absorbed as fatty globules in the non-
ciliated columnar cells of both t h e ute~~s and the vagina. 
This was the only appearance in the epithelial cel l s of the 
uterus of any of the injected materials. Absorption rather 
than phagocytosis of the fat particles was suggested, 
particularly since the time range for the fat to appear within 
the cells was from five and one-half to eighteen hours. Two 
types of bacteria were used: the tubercle baci l lus and 
·Staphylococcus aureus. Tubercle bacilli were rapidly ingested 
by the Ieucocytes; the vaginal epithelium did not respond. 
~~en staphylococci were injected there were cytoplasmic 
vacuoles containing the cocci in the epithelial cells; these 
formed rapidly after injection. 
Three characteristics of the intact vaginal epithelial 
cells made it possible for them to engulf foreign particles: 
first , the irregularities of the free ends of the cells, 
second, their blunt projections, and third, their sticky cyto-
plasm. As the foreign substances were held by the sticky 
surface on making contact with the cell, the motility of the 
cytoplasm moved the particles within the cell membrane. 
Ropes (1930) demonstrated phagocytosis by the epithel-
ial cell s of the bronchi in experimental work on rabbits. 
After vitally staining the cells with neutral red by the Sabin 
technique (Sabin, 1923), the lungs were exposed to carbon dust. 
'l'Wo types of cilia ted epithelium are found in the bronchi, the 
long columnar cells which Ropes believed to be transitional 
stages, and the large low-columnal, cuboidal or rounded cells. 
The first group, vitally stained, showed fine red granules, 
with occasional vacuoles, and motionless cilia. Very rarely 
was carbon found in the vacuoles. ·lflhen India ink in fluid 
suspension was injected none of it was phagocytized by these 
cells. The second group, more numerous in the bronchi, 
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stained deeply with neutral red which appeared as fine red 
granules and also in many red vacuoles. The cil ia of these 
cells were beating and continued to do so for many hours. 
Round cells with beating cilia, detached and rotating in the 
preparation resembled the 11 dust-cells" both in staining and 
morphology. This second group of cells contained a great 
number of carbon particles. Cells with inactive cilia did 
not stain. The non-ciliated, granular epitheliwn found at 
all levels of the respiratory tract . exhibited no staining 
reaction with neutral red. 
Lewis (1925a) observed the reverse of this reaction 
in the lungs of frogs. Carbon was found in small vacuoles in 
the ciliated epithelium but not in cells where the cilia were 
beating. These cells of the frog were not rounded, nor staine 
with neutral red, as were the histiocytes of the lung. 
"Dust-cells", or alveolar phagocytes, are rounded, 
granular cells found freely moving in the air spaces of the 
lungs. They phagocytize only material brought · . . :to them by 
the air, a function which gives them their name. Their origin 
is a disputed question. Since the response is so rapid, some 
· investigators consider that they can come only from the 
epithelial cells of the surface; their appearance and behavior 
are so similar to the tissue macrophages that others believe 
they are derived from the mesoderm. 
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Carlton (1934) experimentally showed that dust-cells 
have their origin in alveolar epi theliur.a. After diminishing 
the leucocytes of the blood to a negligible a.."'Ilount by the use 
of benzol and staining the reticulo-endothelial system with 
trypan blue, he injected colloidal graphite into the tracheae 
of rabbits. He reported that dust-cells did not stain with 
trypan blue. Phagocytosis was as active in the dust-cells of 
the experimental animal as in the normal control. '1\he great 
reduction in the number of leucocytes and the stainint; of the 
histiocytes aided greatly in the interpretation of phago-
cytosis by the dust-cells, which took place rapidly after the 
foreign material was introduced into the lung. Bremer (1938) 
injected rats with trypan blue and noted that only a few 
alveolar epithelial cells stored the dye, in granules of 
varying sizes. No explanation was given for such selective 
action. 
Duthrie (1930) described phagocytosis of red blood cells 
in the lung of one mouse with a case of extreme passive con-
gestion following irradiation. In the lumen of the bronchi 
were masses of desqua..uated cells, singly, in pairs, or in 
groups of three or more with ingested red blood cells. The 
cells remained colu~1ar or cuboidal in shape. He believed 
these cells originated from the bronchial e:pi thelium since 
in several places they were lying close together as if they 
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were sloughed off in that position. These were found in 
masses of desquamated bronchial cells and were indistin ·gnl.ish-
able from them in morphology and color, but differed from the 
phagocytes of the alveoli which were always found alone. VJhen 
soot was blown into the lungs of normal mice, .uuthrie reported 
tracing the formation of dust-cells from the budding of the 
basement epithelium to the desquamation of cells containing 
the soot particles. 
Permar (1920) was unable to stain epithelial cella 
vi tal ly or to observe phagocytosis of injected carmine. He 
cone luded that epithelium was incapable of phagocytosis. 
Gardner and Cummings (1921) after two years of continuous 
experimenting could find no inhaled asbestos particles in any 
1\ cells of the wall of the trachea and bronchi .. Smith, Willis, 
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and Lewis (1922-23) observed phagocytosis of tubercle bacilli 
by non-ciliated cells of the bronchi and lining of the alveoli 
of chick embryos in tissue culture. The above evidence makes 
it possible to postulate that epithelial cells are phagocytic 
under certain conditions and in certain places. 
Robertson (1941) believed that the divergent findings 
in regard to phagocytosis in the lung may be due to the kind 
of material used experimentally and in the form in which it 
reaches the lungs. One example will illustrate this point. 
Small amounts of inhaled c a rbon were eliminated from the 
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bronchi, very little reach i ng the alveoli. Large amounts 
caused irritation with its sequence of events. however, 
when an aqueous carbon solution was injected into the 
bronchial tree, it reached the alveoli promptly and phago-
cytosis began in fifteen to thirty minutes with a prolifera-
tion of the septal cells, the resting histiocytes of the 
lungs. In such a case the chief phagocytizing cells were the 
macrophages. 
The phagocytic properties of the fibroblasts have been 
studied in tissue culture. A few exrunples are cited. 
Maximow (1924 ) observed phagocytosis of tubercle bacilli by 
rabbit fibroblasts in cultures. Fischer ( 192'7) believed that 
only under special conditions will fibroblasts do this. 
Smith (1921) noticed that fibroblasts from the chick embryo 
would ingest melanin granules. M8llendorf ( 1932), in examin-
ing a pure strain of fibroblasts of the adult rabbit grovm in 
a plasma-spleen extract, found these cells phagocytizing I11dia 
ink and charcoal in 1 arge amounts. · In cul turea which were 
growing well, frog erythrocytes were rarely phagocytosed, but 
in those with poor growth, phagocytosis took place. By alter-
ing the medium with trypan blue, the healthy cultures showed 
abundant phagocytosis of the red blood cells of the frog. 
These findings conformed with the idea of Fischer. 
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2. Diape<_!e~~-? __ o f red bl~o d cell_~. The red blood cells 
play no part whatsoever in the phagocytosis of foreign 
particles. Their movements follow.ing the stimulation of the 
tissues by irritating substances are only an accompanying 
factor, the result of injury to the capillary wall. uohnhein 
( 1877) in his lectures on General Pathology, described the 
process of diapedesis in inflammed tissues. In these tissues 
the capillaries were dilated and the circulation was slow. 
In this condition, red corpuscles or parts of them have been 
observed to pass through the walls along with the leucocytes. 
Red corpuscles pass t. through a hole, and frequently a 
number of corpuscles pass• · ·. through the same opening one after 
another. At times a corpuscle may stick in the wall. In such 
a case, one part may be carried away by the current of blood 
and the other part pass through the wall and be found in the 
tissues outside the vessel.' 
When stasis occurs :., in the capillaries, the walls 
bulge and suddenly red cells : are:; found in great numbers out-
side the enlarged vessel in a number of places. In every case 
the strength of the wall '· is: restored rapidly. A few corpuscle 
pass .. < out one after another, then the passage at that point 
ceases, although diapedesis may follow at a nearby point just 
afterward. When the circulation returns.: to normal in a 
capillary which has lost corpuscles in a number of places, the 
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vessel appears .: to have no openings, since neither corpuscles 
nor plasma escaped (Krogh, 1929). 
Robertson (1941) reported that when inflammation 
occurred in the lungs, erythrocytes were found outside the 
capillaries with the plasma and leucocytes. Drinker, Drinker, 
and Lund (1922) described the reverse of this process taking I 
place in bone marrow, where newly formed red cells were pushed 
i n to th e capillaries and the walls of the capillaries closed 
behind them. 
Clark and Clark (1909, 1926) studied the fate of the 
extruded red blood cells in the tails of young tadpoles. 
Small bleedings were produced, and lymphatic vessels in the 
vicinity of the extruded corpuscles sent out sprouts which 
grew tov;ard the corpuscles and absorbed them into the lumen. 
From here they were carried back to the blood by the flow of 
the lymph. ]'or fifteen to twenty hours after extrusion the 
erythrocytes were immune to the attack of the histiocytes, 
but after that period they were taken up and digested by them. 
This was fate of all the red blood cells which were too far 
away from the lymphatic vessels to stimulate sprouting • 
. 
33 
B. vascular R_es;pon~~~~£. :B'or~J: .. ~I!.J?articles. 
1. Hormal c_~pi~~ary functions. 'l'he blood stream, which 
is the transportation system of the body, is separated from 
almost all the tissues by the thin endothelial walls of the 
capillaries. These vessels are independently contractile at 
their origins (Fulton and Lutz, 1940; l!'Ul ton, 1941; J..utz, 1942 
~ulton and Lutz, 1942), and are able to respond to the physio-
logical needs of the tissues w~ich they serve. These response 
are of three general types: dilation and constriction of the 
arterioles and capillary origins, changes in capillary blood 
pressure, and changes in the permeability of the endothelium. 
a. Capillary pressure. Capillary pressure is of cours 
usually dependent on the arterial pressure; it is therefore 
affected by all the factors which influence blood pressur e 
generally: the force and rate of the heart, the amount of 
peripheral resistance, (which is in turn dependent on the con-
striction of the peripheral vessels), the viscosity of the 
blood, and the elasticity of the arteries. 
A certain amount of the force imparted by the con-
traction of the left ventricle is lost by the friction along 
the walls of the vessels when the blood is flowing from the 
larger to the smaller arteries. As the blood flows through 
to the peripheral vessels, it first enters the arteries and 
larger arterioles where the area of the total cross section is 
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small, the pressure high and the flow rapid. The area of the 
vascular bed of the smaller arterioles and of the capillaries 
becomes relatively very large. ':J:ihere both the pressure and 
the r ·a.te of flow dimini sh. In the veins where the area of the 
total cross section is again smaller than that of the capil-
laries, pressure reaches its lowest level and once more the 
rate of flo\v increases (McLennan, liii:cLenna.n, and .Landis , 1942). 
Thus the main resistance lies in the arterioles and capillar-
ies where the blood loses most of its energy and the fall in 
pressure takes place. 
Gonstriction of arterioles increases peripheral resist-
ance; capillary pressure becomes lower throughout the entire 
' 
affected network, regardless of the diameter of the capillar-
·ies (L.andis, 1934). In the mesentery of the frog, spontaneous 
increase in the velocity of the blood flow, accompanied by 
dilation of the arterioles, results in a significant rise in 
capillary pressure (Landis, 1926). Thus capillary pressure 
depends upon the tone of the arterioles. 
capillary blood pressure has been measured both directly 
and indirectly. 'l'here is so much variation in data obtained 
by indirect methods that results cannot be checked. ~andis 
(1926, 1930a, 1930b) measured the pressure directly by insert-
ing a cannula into the vessel and keeping it there long enough 
to get a complete balance between the fluid in the vessel and 
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the fluid in the manometer. Pressure measurements were made 
only at true equilibrium, when no fluid was moving through 
the tip of the pipette and when corpuscles oscillated about 
a point for five to ten seconds without continuous movement 
into or out of the pipette. ~y this micro-cannulation method 
Landis made repeated measurements in various parts of the 
capillary networKs. .!!'rom his results he determined the 
g~adient of capillary blood pressure. 
In the mesentery (Landis, 1926), web, and muscle 
(Landis, 1931) of frogs, in the mesentery of rats and guinea 
pigs (Landis, 1930), and in the skin of man (Landis, l930a), 
it was found tha~ the fall in blood pressure did not cease 
at the junction of the arterioles and capillaries but the 
gradient continued through the capillary network ·so that the 
average blood pressure was considerably higher in the a.r ter-
iolar t han in the venous portion. For example in the frog, 
the arteriolar pressure was 14 em. of water, venous pressure 
was 10 em. of water. In ma,n ar t eriolar pressure was 45 em. 
of water and venous capillary pressure about 22 em. of water. 
Under normal c ondi ti ons due to this gradient in capillary 
pressure, fluid is filtered from the blood during its passage 
througn the arterial portion of the capillary network and 
absorption takes place in the venous portion of the system 
(Landis, 1934). 
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In theory, the hydrostatic pressure of the blood in the 
highly permeable capillary would be expected to filter fluid 
through the endothelium into the tissue spaces (Landis, 1934). 
Assuming that the capillary wall of man is as permeable as I 
that of the frog, the total volume of plasma would be filtered 
through the 68,000 square feet in ten seconds at a capillary .II 
pressur e of 10 mm. of mercury, providing there were no restra~a 
ing forces (Landis, 1937).. Since the passage of fluid through 
the capillary wall is related to the level of intracapillary 
pressure there must be some mechanism which prevents the 
complete passage of the fluid from the blood stream into the 
tissue spaces. Starling (1896) has offered an hypothesis to 
explain the filtration equilibrium \Vhich exists between the 
blood and the tissues. Crystalloids, urea, glucose, etc. pass 
through the endothelium and are found in approximately equal 
concentrations on both sides of the membrane. The crystal-
loids of the blood stream are in equilibrium with those of the 
tissue pluids. They do not exert an osmotic pressure in the 
capillary and will not influence the movement of fluids across 
the membrane. The colloidal plasma proteins, due to greater 
molecular dimensions, are unable to pass through the endo-
thelium. Thus they exert an osmotic pressure which leads to 
passage of fluids from the tissue spaces into the blood. 
Capillary pressure favors filtration in the opposite direction. 
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Starling postulated that a balance existed between the 
capillary pressure and the colloidal osmotic pressure of the 
blood. The capillary wall may be compared to an artificial 
membrane which '. is:. impermeable to protein and acts like such 
a membr ane as the pressure of the proteins tends . . to absorb 
water from the tissue spaces and ·, i s .. balanced by the capillary 
pressure of the blood. 
Capillary pressure varies greatly, changing in the same 
capillary from moment to moment and differing from the 
pressure in adjacent capillaries which arise from the same 
arteriole. These changes, either spontaneous or induced, are 
so great that the blood pressure in one capillary or in a 
whole network of capillaries may be at one moment below and at 
another above the colloidal osmotic pressure of the blood thus 
causing massive filtration or massive resorption over large 
areas of the endotheliwn (Landis, 1937). These changes in 
pressure occur to meet the physiological needs of the body. 
b. Capillary permeabilit~. The high permeability of 
the vast surface of the endothelium of the capillaries permits 
fluid.s to pass through it more easily than through any of the 
other body membranes (Landis, 1934). This is of importance 
in the distribution of materials to the cells of the body. 
Under normal physiological conditions a mounting 
gradient of permeability has been observed as the blood flowed 
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into small capillaries and venules. Reus, Gilding and Smith, 
(1930), upon injection of poorly diffusible dyes intra-
venously into frogs and mammals, reported that the dyes 
escaped through the distal portion of these small vessels, 
staining the skin or muscle tissue irregularly. This gradient 
of permeability was attributed to structural, not functional 
differences in the capillaries. Sandison (1928) stated that 
in the blood vessels of the rabbit's ear, the endothelial 
cells were flatter, the channels wider, and the current slower 
toward the venules than in capillaries on the arterial side of 
the circulation. 
Landis (192?a) in microinjection studies on capillary 
permeability found that the rate of passage of dye solution 
through a capillary wall depended on the level of the capil-
I lary pressure and not on the capillary diameter~ Hy direct 
measurements, the rate of the movement through the endothelium 
was found to be proportional to the difference betvreen the 
capillary pressure and the osmotic pressure of the plasma pro-
teins. 
2. Vascular reactions to special conditions. The 
ability of the capillaries to respond to local tissue needs 
has been demonstrated experimentally. In gene:r·al, dilation 
of the capillaries with increased permeability of the endo-
thelial cells satisfied the demand, while constriction seemed 
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to decrease the permeability and hinder filtration (Landis, 
1934}. 
a. pilation. Krogh (1922, 1929) investigated the 
effect of various substances applied directly to the vascular 
area of the frog's tongue. Among these were acetic acid, 
adrenalin, and iodine, all of which produced capillary dila-
tion. Heubner (190?) injected a gold salt intravenously I 
into the mesentery of the frog and observed i~nediate, sudden, 
and extreme increase in the number of visible capillaries. 
Baron and Chambers (1936) reported that mechanical injury to 
the capillaries caused dilation while normal capillaries in 
the same preparation remained constant in diameter. 
General dilation of the peripheral vascular bed is 
prevented by nervous control of the small arterioles and of 
the capillary origins. The opening of previously closed 
capillaries has been attributed to the action of metabolic 
products, although there is no agreement regarding the 
specific product that produces vasodilation. 
b. Jncreased permeability. Under normal conditions 
potential fissures, if any are present, play no part in the 
filtration of fluids or dyes (Krogh, 1929), but during in-
flammation the endothelial walls permit leucocytes to pass out 
The permeability of the capillary wall so differs from the 
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highly selective and restrictive permeability of the cells in 
general that the role of the endothelial cells in this pro-
cess has been studied (Chambers and Zweifach, 1940). These 
investigators believed that the endothelial cella constantly 
secrete intercellular cement, an organic salt, that ionizes 
mor e rapidly in an acid medium, and whose chemical stability 
controlled the permeability of the blood capillaries. 
Increase in the permeability of the endothelium 
results from local tissue disturbances, injury, or the 
application of any one of many different irritating foreign 
substances (Rigdon and 'Wils.on, 1941). Krogh (1922) noticed 
an increased filtration through the capillary vrall after the 
application of urethane, which he believed to be due to a 
stretched condition of the endothelium of the dilated capillary 
Menkin (1940) explained this phenomenon from a different point 
of view. He regarded the effect of urethane as a result of 
injury to the capillary wall which was accompanied by an in-
creased pressure. Urethane-treated capillaries were still 
impermeable to dialyzed ink, while the plasma filtered off 
(Krogh, 1929). Even after injury to the walls the capillaries 
retained particles of certain sizes. Capillaries injured by 
alcohol and mercuric chloride were permeable to plasma colloids 
and more permeable to fluids than normally (Landis, 192?). 
Dye solutions diffuse through the capillary wall at 
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different rates, depending on the properties of dyes and the 
condition of the walls. Krogh (1922) showed that two poorly 
diffusible dyes, brilliant vital red and Chicago IVB, passed 
very slowly through the normal capillary wall, but when 
hyperemia or stasis occu~:red; 'tl)e dye was found in the surrounding 
tissue. Menkin (1940) confirmed the idea that the condition 
of the endotheliuin influenced the passage of particles through 
it. Graphite particles failed to pass through the wall nor-
mally, but when walls were irritated they passed through 
readily. Trypan blue introduced into the circulation promptly 
accumulated in an inflaramed area. 
Higdon and Wilson (1941) believed there is a time 
factor connected with the concentration of. trypan blue in in-
jured tissues. When xylene was used as an irritant on the 
skin of rabbits, injected trypan blue localized first and in 
greatest amounts in areas where xylene was applied the shortest 
time before the injection of the dye. Three hours after the 
application of xylene, no more dye was found in the injured 
area than in an untreated one. Cohnheim stated that permeabil-
ity changes take place after several hours. Menkin (1932) 
reported an increase in capillary filtration as early as two 
minutes after stimulation by some foreign substance. 
The best evidence of increased permeability is the 
development of true stasis (Krogh, 1922), since the concentra-
tion of cells results from excessive loss of plasma. The 
events leading to this condition can be followed with the 
microscope: first, the visible concentration of red cells, 
beginning in the venous capillaries, following the escape 
of plasma; then a period of sluggish flow when the viscosity 
of the concentrated blood hinders the venous outflow; a 
grea.ter concentration of the blood cells extending into the 
arteriolar circulation; and the final stage, when the 
capillaries are filled with solid masses of ti@1tly packed 
cells, to which the stoppage of flow is secondary. 'When 
tissues are injured to a point where stasi.s occurs, plasma 
proteins pass into the tissue spaces, reducing the colloi dal 
osmotic pressure and increasing the rate at which fluid 
filters through the endotheliwn from five to seven times, 
demonstrating the influence of a difference between the 
colloidal osmotic pressure and the hydrostatic pressure of the 
blood (Landis, 1934)~ 
Passage of materials through the walls of the capil-
laries whenever there is an injury to the walls or the 
surrounding tissues has long been recognized. Cohnh~im 
analyzed the disturbed local reacti on and stated th.at an 
alteration in the endothe~ium by an irritating substance was 
responsible for the increased capillary permeability. 
Cohnheim further pointed out that the increase in permeability 
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was independent of any nervous influence. 
Engle (1941), inconsidering the influence of the 
I 
sympathetic nervous system on capillary permeability, stated 
that this system influenced the funda~ental function of 
permeability. Sympathectomy caused dilation of the capil-
laries. However in cats, rabbits, and dogs, when the sympa-
thetic nervous system was severed, dilation of the vessels 
occurred, but :germeabili ty was decreased. He suggested that 
a compensatory system existed between vasomotor activity and 
capillary permeability, and postulated a "permeability factor" 
under the control of the sympathetic nervous system, which 
counteracted the vasomotor changes. 
3. Substances influencing permeability. 'fhere has 
been a general opinion that whenever there is a tissue injury 
some substance or substances are liberated by the injured 
tissue which act upon the blood vessels to produce changes 
in diameter and increase the permeability of the endothelium. 
Ebbeck (1923) postulated a substance formed by irritated 
epithelium which diffuses through the skin and dilates 
capillaries and small arterioles. 
Lewis and Grant (1924) tested the effect of histamine 
on capillaries and found that three things occurred: first, 
local vasodilation of the capillaries, venules, and arteries 
by direct action, second, a widespread dilation of the out-
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lying arterioles resulting from a local reflex, and third, e.n 
increase in the penneability of the minute vessels by direct 
action. They concluded that histamine was the active sub-
stance that initiated these reactions. However, when more 
direct tests were performed on the effect of an extract of 
skin wheal on the contraction of the guinea pig uterus, they 
found no evidence that histamine was liberated in larger 
amounts from injured tissues than was found in normal plasma. 
Lewis ( 192?) postulated that "H substance", presumably 
histamine or having the properties of histrunine, was liberated 
from injured tissues and had a dilator effect on the ca.pil-
laries. 
Krogh (1929) believed that under certain conditions of 
stimulation the tissue cells liberate a substance having a 
dilator effect upon the capillaries, but he did not consider 
that all the effect was due to the H substance. He suggested 
the possibility of a second substance which he called an H 
colloidal substance, probably less diffusible. 
Grant and Jones (1929) found that histamine caused no 
dilat ion of the frog's blood vessels when applied locally or 
when intravenously injected. They believed the active sub-
stance in the frog, a base of the histamine-arginine type. 
was responsible for the reaction to any injury. 
Rigdon (19 40) suggested that products fo1~ed by the 
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disturbance of the normal metabolism of epithelial cells, 
connective tissue cells, and endothelial cells, and not a 
single crystalline substance, were responsible for the con-
centration of trypan blue at the site of injury. These 
products increased permeability in the skin of rabbits intra-
der~~lly injected with tissue extracts of skin, muscle, and 
testicle from normal rabbits. 
Menkin has undertaken to determine whether one or more 
substances obtained from tissue fluids of an inflarn:rad . area 
will induce local .vasodilation and an increase in permeability 
when introduced into norma l tissues. Properties of isolated 
substt::mces have been compared with those of histamine in order 
to test the hypothesis of Lewis. At the present time three 
substances have been identified which offer an explanation 
of the basic pattern of injury in inflammation. 
1. Leukotaxine, a crystalline nitrogenous substance, 
initiates the local increase in capillary permeability and 
the rapid migration of polymorphonuclear leucocytes into the 
tissues.(Menkin , 1936, 1938, 1938a, 1938b, 1941). 
2. A leucocytosis promoting factor, LPF, a pseudo-
globulin, stimulates the bone marrow to produce neutrophilea 
and megokaryocytes and induces a discharge of immature leuco-
cytes into the circulation from the bone marrow (Menkin, 1940a 
1943). 
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Necrosin, an euglobulin, the tissue injury factor, 
produces redness, edema, marked leukopeni a followed by leuco-
cytosis, elevation in temperature, a.nd damage to some of the 
visceral organs, but causes no drop in blood pressure (Menkin, 
1943a, 1943b, 1943c). 
The physical and chemical properties of leukotaxine 
differ greatly from those of histamine (Menkin, 1936, 1938, 
1939). Miuami and Inguame ( 1941) prepared leukotaxine by 
Menkin's method and confirmed the results of its application 
to normal rabbit tissues, that is, increased capillary per-
meability and the migration of leucocytes. Freeman and 
Schecter (1942) reported that they could find no substance 
causing increased capillary permeability, in dog lymph from 
an injured area, that was not found in normal dog serum. 
Neither leukotaxine nor LPF cause any damage to tissues 
when injected into the skin of rabbits (Menkin, 1943). 
In adrenal cortical insufficiency, there is low blood 
pressure, decrease in the volume of plasma, and an increase 
in the permeability of the capillary wall. Cope, Brenizier, 
and Felderman ( 1942.) found that the above conditions existed 
in an adrenalectomized dog and thought it possible that the 
primary effect of the hormone of the adrenal cortex might be 
the control of permeability. Menkin (1940b) noted that the 
leakage of trypan blue into intravascular spaces could be 
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prevented by an injection of cortical extract. Injected 
epinephrin inhibited capillary permeability and the localiza-
tion of leucobytes about foci of bacteria in the skin of the 
rabbit by causing vascular constriction (Rigdon, 1940). 
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PRELIMINARY OBSERVATIONS 
A. Methods. 
1. Preparation of the frog's tongue. The t~chnique 
used for observing in situ the reactions of cells and blood 
vessels in the retrolingual membrane of the frog, Rana 
pipiens, has been described by Pratt and Reid (1930). Under 
a binocular microscope, the epithelium and skeletal muscles 
from a portion of the dorsal surface of the tongue of a frog, 
with brain and medulla destroyed, were removed, exposing the 
membrane beneath. The preparation was transfered to a Petri 
dish in which a small glass block had been cemented and 
surrounded by paraffin to form a shelf on which to extend th e 
tongue. The dish was filled with iced Ringer's solution. 
With the frog in a normal position the tongue was stretched 
and carefully pinned over the block. The temperatur e of the 
bath was held between 18° c. Emd 24° c. by the addition of 
ice cubes of Ringer's solution. At a higher temperature the 
activity of the blood vessels was retarded at times the 
circulation in the membrane ceased to function. The prepara-
tion was placed on an adjustable stage of the microscope and 
transilluminated for study. 
Low power magnification was sufficient for a general 
examination of the activity of the membrane, but for a de-
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tailed study a 7 mm. water immersion lens was used with 
oculars ranging from lOX to 25X. 
2. APplication of various foreign substances to the 
membran e. Micropipettes were prepared by pulling 7 mra. soft 
glass tubing into very fine cap illary tubes. These tubes were 
heated in the small low flame of a micro-burner and stretched 
after removing from the flame to insure sealing the fine tips. 
The tip was bent at a sharp abrupt angle. The shank should 
be two and one-half to three inches long . 
The Emerson micro-manipulator was used to apply micro-
scopic drops of foreign substances to the ventral surface of 
the memb rane. A pipette was adjusted in the micro-manipulator 
connected with a syringe filled with distilled water. The end 
of the pipette was immersed in the exper imental solution in a 
small watch glass, t h e surface of which had been sera tched. 
'The sealed tip was broken off by catching it in a scratch and 
the pipette was filled by capillarity. 'fhe tip of the p i p ette 
was then placed on the sur face of the membrane wi th the micro-
manipulator, wh ile f ocussing the microscope with every move, 
first with low power, t h en for g reater accuracy with the 7 mm. 
water i mmers ion lens. The exper imental solution was placed 
on the membrane n ear branching capillaries and the pipette was 
quic k ly removed. 
The following substances were used in succes sive ex-
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periment s: croto n oil colored v1ith the fat soluble dye 
Sudan III, cedar oil colored with the same dye, and turpen-
tine. Unsucciessful at tempts were made to place ol i ve oil on 
the L embrane. Each time the oil flo a ted from the membrane 
to t h e surfact of the Ringer's solution bath. 
3. Injections of f~:r eign substances!' In successive 
experiments the fo llowin g substanc es v1 ere injected into t h e 
abdom i nal cavity of the frog one hour bef ore t h e preparation 
was made: 
a. 0.5 cc. o f 3 per cent aqueous solu tion neutr a l 
red. 
0 r-• o cc • o f l per cen t trypan blue, freshly made 
and filtered aqueous solution. Solutions of 
trypan blue in Ringer's solution were toxic to 
the animal~ a s v1ell as solutions iNh ich had 
st ood for some leng th of time, due to the 
clumping of colloidal particles. 
c. 0.5 cc. of Ind ia ink (corillllercial drawing ink). 
4. Applications _~ll~-~nj_ections of :f_oreign substance_s._. 
Croton oil with Sudan III was placed on the membran e of a 
frog previously injected with trypan blue. 
study under a binocular microscope, croton oil with Sudan III 
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was p l a ced on the ventra l surfa ce of unopera ted p ith ed fro g s .. 
Smears were ma de. 
B. Observatio~~· 
1. .Appea~!]_Ce of t~~e_Il9.£_~~l .El.ernbr~. 'l'he retro-
lingual membrane is a thin sheet o f connective tissue with 
many fibers interspersed with cells. Bands of stri a ted 
muscle cross the membrane. Bo t h medullated and non-medull a ted 
nerve fibers can b e seen. Histiocyte s , l a rge granula r c e lls, 
both round and amoeboid, are distinguishable. A f ew of the s e 
c ells contain pinkish gr anules. F ibroblasts are more diffi-
cul t to recognize in t h e living prepara tion a s their cell out-
lines are indistinct. 
The ventra l sur face of the membrane is covered with 
pseudo-stratified columnar epithelia l cel l s with a g rea t 
number o f gobl et cells. 'rhe c i lia of t h ese cells exhib it 
rapid movement. Cell membrru1.es and nuclei i n a fresh p r epara-
tion are indistinguishable. 'l'he cilia do no ·t appeur to be 
con t i nuou s over t h e surface b ut are segreg ated in certain 
areas. Fixed, stained, serial l y cut sections of the tongue 
through t h e region o f the lymph sac verify t h is. In s uch 
sections there is a predominance of goblet cell s with g roups 
of ciliated epithelia l cells between th em. 
After the preparation has been made fo r a n h ou r or mor e 
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there is a flattening out and stretching of the cilia ted cells 
on the surface of the membrane, during which they draw to-
gether in clumps or patches. cell outlines are very distinct 
and large nuclei are prominent. 
'.!.'h e leucocytes in the blood vee sels, granular rounded 
cells with prominent nuclei, show no tendency to migrate 
from the blood vessels into the tissues in a fresh prepara-
tion. 
Many capillaries run through the membrane. The flow 
of the blood is normally controlled by the dilation and con-
traction of the active pericapillary cells at the capillary 
ori g in~ The circulation becomes slower after the preparation 
stands for three to four hours, but it will continue for 
twenty-four to forty-eight hours if kept at the proper temper-
ature. 
2. Reactions of ~1e membra..l'!.~.J.r~§._~~q_~-w:i:_~l _non-irri ~at­
ing substances: cedar ~~~neutr~~red~tryJL~n blue, and 
India ink. 
a. Reactions to cedar oil. A microscopic drop of cedar 
oil colored with Sudan III was placed on the membrane of a 
freshly made preparation in the manner described above. 
Cellular and vascular responses to the oil were observed in 
repeated experiments, each lasting from four to six hours. 
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Five minutes after the application of the drop ciliated 
epithelial cells surrounded it. W.ith cilia beating they were 
observed approaching the drop, attaching themselves to it, 
and pulling it apart by long sticky protoplasmic processes. 
In three hours the repeated pullings by these processes he.d 
sep~rated the drop into very fine particles and had lifted 
these from the surface of the membrane into the fluid bath. 
There were no vacuoles in these cells nor any color which 
would indicate p:J.;J.agocytosis of the oil. 
'l'he histiocytes remained scattered in the membrane, 
none c o 11 e c ted in th e vic in i ty o f th e drop o f c e dar o i 1 • 'l'h e 
leucocytes appeared as in the normal membrane. Toward the end 
of the experiment a few had migrated into the tissues. l'lo 
stained particles · nere seen in these cells. 
Circulation in the blood vessels remained normal. Ther 
was no relaxation of the vessels and no blocking of the flow 
by the accur.dulation of leucocytes in the forks of the vessels. 
The speed of the flow lessened in four to six hours as it .did 
in an untreated membrane. 
b. Reactions ~~_re~~~~_!~d. In preparations treated 
with neutral red, the ciliated epithelium appeared as in the 
normal membrane. No red color v;as observed in any of these 
cells. Histiocytes all over the membrane were filled with 
granules, rather orange in color. Leucocytes in the blood 
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vessels in a few exceptional cases h a d tr a ces of the dye. Non 
h a d mi gr a ted from the capillaries. 
The flow of the blood and the blood vessels were as in 
the norma l control . 'he endothelial cells were not stained. 
c. Reactions to 'tr.Y.~an blue. Following the injection 
of the colloidal dye, trypan blue, large clear blue vacuoles 
appeared in the ciliated epithelial cells all over the mem-
brane. The cilia of these cells continued to beat normally, 
yet the cells were very large, as if stretched by the presence 
of the stain. In the evenly dispersed histiocytes, no blue 
granules appeared, nor was any color observed in the leuco-
cytes. The endothelium of the capillaries, in which the 
circulat i on was normal, was faintly blue. 
d. ~~io~s to Ind~a ink. In preparations injected 
with India ink, the ciliated epithelial cells were filled witlL 
carbon particles, giving them a much more granular appearance 
than cells in a normal membrane. After three hours the cilia 
became very rigid. Large dark granules in the histiocytes 
indicated phagocytosis of the carbon par.ticles. Inside the 
blood vessels the carbon particles adhered to the leucocytes; 
some of the leucocytes contained ingested particles. Carbon-
filled . leucocytes migrated into the membrane. 'fh e circulation 
remained normal. 
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3. Reactions of _the __ ~_I_?lb_~_t_o irritatin_g_~l;lbstances: 
croton oilL_turY-e~tjnea trY-Qan blue and ~~~ton oil. 
a~ React:Ll2..1'!.-~_to _£,:;:_ot'!_n oil. When croton oil with 
Sudan III was placed on the membrane a different reaction too' 
place. Immediately following the application the ciliated 
epithelial cells began to surround the dr.op. The cilia on 
these cells continued to beat, in one case as long as twenty-
four hours, demonstrating the activity of the cells. The cell 
outlines and nuclei of the attacking cells were well defined. 
Gradually large pink vacuoles appeared in the cells, which 
were both amoeboid and round in shape. Using a 7 L1m. water 
immersion lens with a 25X ocular, six such cells were found 
in the field in the proximity of the drop two hours after its 
application. Cilia were beating on some of the vacuolated 
cells; when the vacuoles became very large, however, filling 
the entire cell, the cilia became rigid. 1ne intact drop was 
lifted from the membrane in all cases observed, the length of 
time varying from two to twenty-four hours. In other regions 
of the membrane, the epithelial cells rema_ined flat in their 
normal position with their cilia beating. 
Histiocytes migrated into the experimental region. 
After twenty-four hours there were a great many in the region 
of the drop. 'fhe pink color observed in some of these was 
considered to be the sa~ e as the granules in the histiocytes 
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of the normal preparation. Although leucocytes were seen 
migrating from the blood vessels, none were observed approach-
ing the drop of croton oil. At the end of twenty-four hours 
the field was filled with leucocytes, none of which showed 
evidence of the red color. 
In ten to fifteen minutes after the application of the 
croton oil the rate of flow in the blood vessels in the area 
around the drop was greatly accelerated, as a result of the 
dilation of ~1e vessels. After one-half hour, the leucocytes 
adhered to the walls of the blood vessels, particularly at 
the forks causing the circulation to bee ome sluggish, with 
stasis resulting after three hours. In remote parts of the 
membrane the circulation remained normal. In preparations 
observed twenty-four hours later, there was no return of the 
circu.lation in the area of the drop although the peripheral 
circulation was intact¥ 
b. Reactions..J...cl.._turpentin~. A microscopic drop of 
turpentine was placed on the membrane. This was transparent, 
and cells lying below the drop were clearly visible. InMed-
iately, ciliated cells began to surround the drop. Their 
cilia rem8.ined active for about five minutes. In ten minutes 
the drop became opaque, indicating disintegration of the cells 
due to the toxic properties of the irritru1t. 
Within a half hour leucocytes adhered to the walls of 
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the capillaries, plugging the vessels, particularly on the 
venous side of the circulation. Migrati on of the leucocytes 
into the tissues was evi dent half an hour after the applica-
tion. 'i'he migrat ion progressively increased so that at the 
end of two hours there were great numbers outside the blood 
vessels. None was obperved to approach the drop. 
The blood vessels dilated and the flow of blood at 
first was rapi~. However, it decreased gradually and stopped 
entirely in the area around the irritant in two to three 
hours. Circulation in the peripheral vessels remained normal. 
c. React_ion~ .. -~~t_r_Y._Ean b~and croi?_on o~. Trypan 
blue-stained membranes treated with croton oil exhibited an 
interesting phenomenon. The epithelial cells, with blue 
vacuoles of dye and with cilia beating, surrounded the drop. 
After two hours they lifted the drop from the surface. In 
some of these cells red vacuoles .appeared which were smaller 
than the blue ones. Phagocytosis of. the dye did not in-
capacitate these cells for further ingesti un of foreign 
particles. 
The circulation in the dilated blood vessel,s was 
completely blocked by plugs of leucocytes adhering to the 
walls of the vessels at the end of three hours. The peripher-
al circula,tion remained normal. 
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4. I Gross re~~~~ons ~o croton ~~~--stain~d with Sudan II • 
In smears from the tongue treated vvi th croton oil and ciudan 
III large cells with pink vacuoles were observed. 1bese cells 
showed no cilia, but this might be due to the manner of pre-
paration. In size they resembled the ciliated epithelial 
cells seen in vivo. No definite conclus ions could be drawn 
from the cells seen in these smears. 
Many small blood vessels dilated in the region of the 
irritant, in the unop erated tongue, w·hen croton oil was placed 
on it, inc~easing greatly the amount of blood at the site of 
irritation. 
c. Discussion of Results. 
Four reactions · of particular interest were noted in the 
above experiments: first, the behavior of the pseudo-strati-
fied columnar ciliated epithelial cells, ·second, the selective 
action of the various cells in the retrolingual membrane in 
phagocytizing the different foreign substances, third, the 
vascular changes followin g stimulation by irritants, and 
fourth, the migration of leucocytes into injured areas. 
1. Phagocytosis bv the epithelial ~~lls. The epithel-
ial cells were stimulated by all the substances except neutral 
red. When Sudan III-stained cedar oil was applied to the mem-
brane, these cells with beating cilia responded by surrounding 
the drop, breaking it into minute droplets, and removing them 
from the surface, with no evidence of phagocytosis of the oil. 
The process seemed purely mechanical~ .No corresponding · 
phenomenon has been reported. 
Injected trypan blue was ingested by the epithelial 
cells in large blue vacuoles; the cilia continued their 
ac ti vi ty. Many granules of carbon f:Llled these cells after 
the injection of India ink. .Hm•rever '· in this case the cilia 
became rigid in three hours, although earlier in the experi-
ment they were beating. 
\Vhen irritating substances, such as croton oil stained 
\Vi th Sudan III, and turpentine were placed on the membrane, 
the active ciliated epithelial cells surrounded the drop. 
Turpentine, a strong irritant, caused disintegration of the 
cells. The croton oil was phagocytized; large pink vacuoles 
appeared in the cells. This drop was lifted from the membrane 
without being broken apart as in the case of cedar oil. 'The 
cilia continued to beat until the pink vacuoles became very 
large, nearly filling the cells. 1'hus these cells exhibited 
two methods by which irritant could be removed, phagocytosis 
and the mechanical process of lifting the oil from the surface 
of the membrane. 
Epithelial cells .with vacuoles of trypan blue reacted 
to the drop of croton oil exactly the sarneas the cells without 
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the trypan blue. With cilia beating, they surrounded the 
drop, phagocytized some of the oil ( as shown by the appear-
ance of smaJ.l pink vacuoles) and lifted the drop from the 
membrane. In t h is case phagocytosis of trypan blue did not 
di1ninish the response of the cells to the stimulation by the 
irritant. 
Phagocytosis by epithelial cells has been reported a 
number of times. Ropes (1930) has reported phagocytosis by 
ciliated epithelial cells in the bronchi of the rabbit. 
These cells rounded up, detached and with cilia beating, 
phagocytized carbon particles. An analagous condition 
occurred with the ciliated e:pi thelial cells in the retro-
lingual membrane of the frog. The ciliated epithelial cells, 
rounded or with amoeboid processes, were detached from the 
membrane and phagocytized croton oil or carbon. Their cilia 
remained active until the cells became engorged with the 
foreign substance., Ropes had previously stained the cells of 
the bronchi with neutral red by the Sabin technique and only 
cel l s thus stained were phagocytic. In the case of the frog, 
injected neutral red failed to stain the ciliated e pithelial 
cells. 
2. Selecii_~~- :e,?agog_ytosis. The epithelial cells, 
histiocytes, leucocytes, and endothelial cells in the retro-
lingual membrane responded selectively to experimental 
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foreign substances. The histiocytes alone took up neutral 
red. Trypan blue was found in large vacuoles in the ciliated 
epithelial cells. Endothelial cells were colored f'aintly 
with trypan blue but no vacuoles were evident. Histiocytes, 
which generally are stained by this dye, were uncolored. 
J!'Ollowing injection of India ink, carbon particles were found 
in the epithelial cells, histiocytes, and leucocytes, both in 
cells in the blood stream and in those which had migrated into 
the tissues. l.~o explanation can be given at present of the 
properties of the different cells which cause them to phag ocy-
tiz e some substances and not others. 
3. Vascular_ changes• Whenever an irritant was placed 
on the -membrane, the responses of the blood vessels followed 
the pattern characteristic of infl~nation. The number of 
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open capillaries increased, bringing a greater blood supply to 
the site of irritation. Dilation of the capillaries vra s evide t 
with an increase in the rate of flow followed by a dimin ished 
rate until st asis occurred. Stasis resulting from a concen-
tration of cells which follows an excessive loss of plasma , 
and the migration of leucocytes i n to the experimental area 
were indications of the increased permeability of the endo-
thelial wall. No tests were made to determine the ch emical 
differences between the fluid in the tissue spaces of a 
normal membrane and that of an irritated one. :Non-irritating 
substances produced no vascular changes. 
4. Migration of leucocytes. Migration of the leuco-
cytes from the blood vessels toward the site of irritation 
in the retrolingual membrane of the frog is comparable to the 
results obtained by Clark and Clark (1920) in their work on 
inflammation caused by the injection of croton oil into the 
tail fin of Hyla larvae. ~ one of the leucocytes was observed 
on the drop but many were in the vicinity. Upon leaving the 
blood vessels they becrune actively amoeboid, often with long 
processes, and migrated toward the drop, stopping a short 
distance from it. Clark and Clark suggest that in this way 
they form a barrier to localize the injury. 
D. summary of Resul~. 
1. Cellular reactione. 
a. Ciliated epithelia~ eel~ of the retrolingual mem-
brane phagocytized the non-irritants trypan blue and India ink, 
and the irritant, croton oil. The cells with trypan blue 
vacuoles did not lose their phagocytic properties since they 
also ingested croton oil. There was no evidence of phagocy-
tosis of · the cedar oil by these cells; they merely lifted the 
substance from the surface into the fluid bath. 
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b. Hist i ocytes phagocytized neutral red and India ink. 
They migrated toward the drop of croton oil but showed no 
evidence of phagocytosis of the oil. 
c. Leucocyt~~ phag ocytized India ink. These cells 
migrated from the blood vessels and remained stationary in 
the t i ssues around the irritant. None was observed to 
approach the oil, and there was no evidence of phagocytosis 
of the drop by them. It has been suggested that they form a 
barrier around the site of inj ury. 
d. Endothelial cells were faintly stained by trypan 
blue. 'l'here were no blue vacuoles in them. 
2. Vascular reactions. 
a. Non-irrit~~~lg substanc e s produced no ch ang es in 
the blood vessels. 
b. Irri ta;tin ~ substances st i mul a ted the cha r act eristic 
vascular chang es found in infl aroma tion: first, the opening 
of previously closed capillaries, second, dilation of the 
blood vessels, third, increased p ermeability of the endo-
thelial wall, demonstrated by stasis and the migration of 
leucocytes through it. 
• 
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CONCLUSIONS 
There is a general agreement on the phagocytic proper-
ties of the microphages, the granular leucocytes of the blood 
stream, and the macrophages, including the large monocytes of 
the blood, the wandering cells of connective tissues, the 
histiocytes, end the fixed macrophages of the liver, spleen, 
and lymph nodes. 
Under special conditions other cells , not nor~ally 
phagocytic, ingest foreign parti cles. Among these are fat 
cells, epithelial cells, cells of the vascular endothel ium, 
and fibroblasts. Fat cells, sometimes considered a part of 
the reticulo-endothelial system, normally store fat and 
release.it in the body metabolism, but will store other sub-
sta.nc es in small amounts under experimental c ondi tiona. 
Young fat cells are considered to be closely related to macro-
phages_ Macrophages, however, normally ingest foreign 
particles and store fat if at all only in cases of faulty fat 
me tab ol ism. 
Both ciliated and non-ciliated epithelial cells are at 
times phagoc3rtic. In pa tholoe;ical conditions, epithelial 
cells of the human pancreas, liver, and spleen phagocytize 
hemosiderin. Experimentally produced phagocytosis has been 
demonstrated by the non-ciliated epithelial cells of the 
vagina, by ciliated cells of the bronchi, by dust-cells of the 
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alveoli of the lungs (believed by some investigators to be 
epithelial in origin). 
The writer has observed phagocytosis of the non-
irritating substances, trypan blue and India ink, and the 
irritant, croton oil, by active ciliated epithelial cells of 
the retrolingual membrane of the frog's tongue. 
In tissue culture fibroblasts can be phagocytic. 
There appears to be a selective nature in all the 
phagocytic cells, since each one will phagocytize certain 
substances and not others. 
Irritating substanees stimulate 'responses of the blood 
vessels which follow a basic pattern: first, the opening up 
of a greater number of capillaries at the site of injury, 
second, dilation of the blood vessels, and third, increased 
permeability of the endothelial walls. These responses are 
caused by some substance or substances liberated at the site 
of injury. Opinions vary as to the substances formed. When 
non-irritating substances are used experimentally there are 
no vascular changes. 
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· ABSTRACT 
Stimulation of animal tissue by foreign particles 
initiates responses by certain cells in order to rid the 
tissues of substances which cannot be used, and which inter-
fere with the metabolic processes of the body. 
Cells generally recognized as scavengers of the body 
are the 11macrophages 11 and the "microphages" of Metchnikoff 
(1892). The first group includes the large monocytes of the 
blood, the histiocytes of the connective tissue and the fixed 
tissue macrophages; the second group, the granularpoly-
morphonuclear cells of the blood stream. 
The use of vital dyes in staining tissues has been 
found to be of the greatest aid in recognizing these various 
cells (Ehrlich, 1891). Aschoff and Kiyono (191~) made ex-
haustive studies of vi tally stained cells in both normal and 
pathological tissues. Their classification of the origin, 
morphology, and function of the different phagocytic cells 
has been the foundation for all future work. 
The idea that the polymorphonuclear leucocytes of the 
blood stream ingest only bacteria and the macrophages only 
animal tissues and cells has been found to be inaccurate. 
Menkin (1940) believes that the hydrogen ion concentration of 
the tissue determines the functional activity of each type of 
cell~ Polymorphonuclear leucocytes are stimulated to migrate 
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from the blood stream to free an area from foreign particles. 
Substances initiating the emigration of these cells have been 
postulated: chemotactic: · . substances, products of bacterial or 
cell disintegration, (M:assart and Bordet , 1890; Gabri tche\Vsky, 
1890); certain thermolabile substances (Grand and Chambers, 
1927); and leukota.xine (Menkin , 1938b). The powerful phago-
cytic activity of the leucocytes is evidenced by tl1e manner 
in which they engulf bacteria, excess spermatozoa in the 
uterus (Stockard, 1932), trypam blue (Downey, 1918); carbon 
{Cappell, 1929; Robertson, 1941), and neutral red (Cappell, 
1929). The increase in the number of leucocytes is attributed 
to a leucocytosis promoting factor, LPF, not present in normal 
serum (Menkin, 1943), which is found in the blood stream of 
injured animals. 
Monocytes and macrophages are closely related cells, 
yet by vital staining they can be distinguished one from the 
other. The monocytes of the blood stream stain with neutral 
red, showing a typical rosette pattern of vacuoles. The 
histiocytes of the connective tissue stain with the acid 
di-azo dyes, which rarely stain monocytes. Debris-filled 
cells cannot be distinguished one from the other. ~vidence 
of the transformation of monocytes into macrophages has been 
described (Lewis, 1925; Carrel and ~~ling, 1926; Findlayson 
and Latta, 1940). 
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'I'he histiocytes, or tissue roacrophages, e.re found in 
the spleen, bone marrow, and wandering in the connective 
tissue, but rarely in the blood stream (Doan, 1940)~ Their 
chief function is the phagocytosis of debris and the digestior. 
of whole red blood cells. Simpson, (1922) produced showers 
of macrophages in the blood stream by stimulation with variouE 
substances. These cells ingat fat and oils in the lungs but 
do not digest either substance (Robertson, 1941). 
The fixed tissue macrophages of the liver, spleen, and 
lymph nodes are actively phagocyti c for materials brought to 
them by the blood stream. The macrophages of the spleen are 
constantly destroying red blood cells but will take up other 
substances introduced into the circulation (Maxh10w, 1934). 
Phagocytic properties of other cells are questionable, 
as the evidence in regard to this is not conclusive, Under 
experimental conditions, fat cells (Chun Chang, 1942; Dagli-
otti, 1928; Williams and co-workers, 1943), epi ti:elial cells 
(Ishikana, 192?; Griffe, 192?; Carlton, 1931, 1934; Ropes, 
1930; Bremer, 1938; Smith and co-workers, 1922-23), vascular 
epithe lium, (Hopkins and Parker, 1918; Cappell, 1929; Carl ton, 
192?, 1934), and fibroblasts (Maxirnow, 1924, Fischer, 1927; 
Smith, 1921), become phagocytic. 
Diapedes is of red blood cells accompanies stimulation 
by irritating substances. These cells, how·ever, play no part 
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in phagocytosis of foreign substances. 
In order to interpret t~e reactions of small blood 
vessels to stimulation by foreign particles their normal 
functions must be understood~ The capillaries are inde-
pendently contractile only at their origins (Fulton and Lutz, 
1940; Fulton, 1941; Lutz, 1942; Fulton and Lutz, 1942), and 
are able to respond to the needs of the tissues which they 
serve. Variations in capillary pressure are normally related 
to the force and rate of the heart, the amount of peripheral 
resistance, the viscosity of the blood, and the elasticity of 
the arteries. A balance exists between hydrostatic pressure 
of the blood and the colloidal osmotic pressure of the plasma 
proteins (Starling, 1896), the hydrostatic pressure favoring 
the passage of substances from the blood stream while the 
pressure of the proteins tends to absorb water from the tis sue 
spaces. 
The high permeability of the capillary walls permits 
fluids to pass through it more easily than through any other 
body membrane (Landis, 1934). Normally a gradient of permea-
bility exists as the blood flows into the small capillaries 
and venules ( Rous, Gilding, and Smith, 1930), a.ttribu ted to 
structural, not functional differences (Sandison, 1928). 
Landis (192?a) believes the rate of passage of dye through 
the endothelium depends upon the capillary pressure, the rate 
?0 
of the movement of the fluid through the walls being propor-
tional to the difference between the osmotic pressure of the 
plasma proteins and the capillary blood pressure. 
Under special conditions of stimulation, dilation of 
the capillary walls with increased permeability permits more 
-f luids to pass into the tissues while constriction seems to 
decrease permeability and hinder filtration (Landis, 1934). 
General dilation of the capillaries is prevented by nervous 
control. Ionization of the endothelial cement follows 
stimulation by foreign substances, leaving fissures between 
the cells (Chambers and Zweifach, 1940). 
Many substances have been used experimentally to pro-
duce an increase in the permeability of the capillary wall: 
urethane (Krogh, 1929, Menkin, 1940), alcohol and mercuric 
chloride (Landis, 1927). The increased permeability is con-
sidered to be the result of tissue disturbances, injury, or 
the presence of one of many foreign substances (Rigdon and 
Wilson, 1941). Stasis is the best evidence of increased 
permeability (Krogh, 1922). l!..ngle postulates a 11 permeability 
factor" under the control of the sympathetic nervous system, 
since in sympathectomized animals, dilation of the small 
blood. vessels occurs while the permeability of these vessels 
is decreased. 
Substances causing increased permeability have been 
?1 
postulated by Ebbeclc (1923), Lewis and Grant (1924), Lewi s 
{1927), and Krogh (1929). Menkin has isolated three sub-
stances from the tissues of inflrumned areas: first, leuco-
taxine, which produces an increase in capillary permeabil ity 
and the migrati on of leucocytes (1936, 1938, 1938a), second, 
LPF, a leucocytosis pronioting factor (1943), third, necrosin, 
the tissue injury factor. 
Hormones of the adren al gland may exert some control 
over permeability. Increased permeab ility of capillaries may 
be due to adrenal cortical insufficiency (Cope, Brenizier, 
and Felderman, 1942). Epinephrine inhibits increased capillar 
permeability (Rigdon, 1940). 
Preliminary observations were made on the reactions of 
the cellular and vascular elements of the retrolingual mem-
brane of the frog's tongue to stimulation by certain foreign 
par ticles. The technique of Pratt and Reid (1930) was used 
in preparing the membrane. Microscopic drops of irritants, 
croton oil and turpentine, and a non-irritant, cedar oil, were 
applied from a micropipette, using the Emerson micro-manipul a-
tor, to the different experimental membranes . l'fon-irritating 
substances, neutral red, trypan blue, and India ink were in-
jected into the abdominal cavity of frogs in successive ex-
periments. Responses to each of the substances were compared 
with the condition in the normal membrane • 
• 
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The ciliated epithelium responded to all stimulation 
except the neutral red. Vacuoles of trypan blue were found 
in these cells. There vrere many carbon granules in the mem-
branes of frogs treated with India ink. Both the cedar oil 
and croton oil were lifted from the membrane by the ciliated 
epithelial cells, with cilia beating. There was no evidence 
of phagocytosis of the cedar oil, but pink vacuoles appeared 
in the ciliated cells of the croton oil preparation. Vfuen 
croton oil with Sudan III was placed on the membranes of frogs 
previously injected with trypan blue, epithelial cells with 
active cilia and large blue vacuoles removed the drop from the 
surface and phagocytized some of the oil. Phagocytosis of the 
dye did not incapacitate these cells for further ingestion of 
foreign part i cles. Other substances should be used experiment 
ally to determine the extent of the pov;er of phagocytosis by 
the epithel ial cells of the retrolingual membrane of the frog. 
Histiocytes phagocytized neutral red and India ink. 
Their only response to irri t<mts was migration toward the sub-
stance. Leucocyt es phagocytized India ink. They responded to 
irritants by migrating from the blood stream into the tissues, 
but showed no evidence of phagocytizing the irritant. Further 
study should be made in regard to the materials phagocytized 
by each one of these cells~ 
There were no vasculCl.r .changes in the membrane s when 
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non-irritating substances wer e used. Irritating substances 
stimul a ted blood vessels changes ·which followed the basic 
pattern of inflammation. A greater number of capillaries 
opened at the site of irritation; dilation of the small blood 
vessels occurred; the permeability of t~e endothelium was 
increased, as demonstrated by stasis and the migration of 
leucocytes from the blood vessels. 
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